Diarrhoea continues to be one of the most common causes of morbidity and mortality among infants and children in developing countries. Diarrhoeagenic Escherichia coli (DEC) is an emerging agent among pathogens that cause diarrhoea. Between March 2011 and January 2012, a total of 600 stool specimens from children younger than 5 years of age (450 with and 150 without diarrhoea) were investigated for enteroaggregative E. coli (EAEC), enterohaemorrhagic E. coli (EHEC), enteropathogenic E. coli (EPEC) and enterotoxigenic E. coli (ETEC) using PCR. Antimicrobial susceptibility testing was performed following Clinical and Laboratory Standards Institute guidelines. The prevalence of DEC pathotypes was 30.4 % (137 patients) and 12 % (18 patients) in the diarrhoea group and the control group, respectively. The most frequently isolated pathotype in diarrhoeal children was ETEC. This pathotype was detected significantly more often in children with diarrhoea (14.4 %) than in children without diarrhoea (5.3 %). EAEC and EPEC were detected with slightly higher frequencies in children with (8 and 4.2 %, respectively) than in children without (4.6 and 2 %, respectively) (P.0.05) diarrhoea. EHEC was only detected in children with diarrhoea (3.8 %). Of the children from the diarrhoea group, 10 % were colonized with more than one DEC pathotype. The DEC isolates exhibited high-level resistance to erythromycin (100 %), azteronam (80.7 %), amoxicillin (74.4 %) and tetracycline (69.3 %), and 86.4 % of isolates were multidrug resistant. In conclusion, ETEC continues to be an important agent associated with diarrhoea in children from Tabriz, Iran.
INTRODUCTION
Diarrhoeal diseases are a leading cause of childhood morbidity and mortality in developing countries, accounting for around 2 million deaths annually (Boschi-Pinto et al., 2008; El-Metwally Hala et al., 2007; Vilchez et al., 2009; Podewils et al., 2004) . Among the aetiological agents of diarrhoea in developing countries, diarrhoeagenic Escherichia coli (DEC) is an important agent, mostly in children younger than 5 years, and represents a major public health problem in these areas (Tobias & Vutukuru, 2012; Taniuchi et al., 2012; Bueris et al., 2007) . Six different types of DEC have been identified: enteroaggregative E. coli (EAEC), enterohaemorrhagic E. coli (EHEC), enteroinvasive E. coli, enteropathogenic E. coli (EPEC), enterotoxigenic E. coli (ETEC) and diffusely adherent E. coli (Nguyen et al., 2005) . The epidemiological significance of DEC types in childhood diarrhoea varies with geographical area. As expected, it has become clear that there are important regional differences in the prevalence and other epidemiological features of these pathogens (Nguyen et al., 2005; AlGallas et al., 2007; Nataro et al., 2006; Vernacchio et al., 2006) . ETEC are associated with watery diarrhoea among children in developing countries and are the main cause of travellers' diarrhoea in adults visiting endemic areas (Kagambèga et al., 2012) . In a study carried out in Nicaragua, ETEC was found in 38 % of diarrhoeal episodes and in 19 % of asymptomatic controls (Paniagua et al., 1997) . EHEC produces Shiga toxin encoded by stx1 or stx2 and is the most important recently emerged group of food-borne pathogens. It is a major cause of gastroenteritis that may be complicated by haemorrhagic colitis or haemolytic-uraemic syndrome, which is the main cause of acute renal failure in children (Aidar-Ugrinovich et al., 2007) . EPEC strains possessing both the bundle-forming pilus gene (bfpA) and intimin gene (eae) for attaching and effacing is a well-recognized pathogen in developing countries as class I or typical EPEC. However, atypical EPEC organisms possessing eae alone have been reported to be more prevalent in both developing and developed countries (Fujihara et al., 2009) . EAEC strains are causal agents of persistent diarrhoea in developing countries. These strains are determined by their characteristic aggregative adherence pattern to HEP-2 or HeLa cell lines in a stackedbrick-like pattern (Bueris et al., 2007; Pereira et al., 2007) .
To identify DEC strains correctly, these organisms must be differentiated from non-pathogenic members of the normal flora. A PCR assay based on identifying the presence of specific virulence genes, which are absent in nonpathogenic strains, may provide a more efficient way to diagnose DEC strains in faecal samples (Aranda et al., 2004; Aslani et al., 2011) .
Resistance to antibiotics is very common in bacterial isolates worldwide. Regular surveillance of antibiotic resistance provides information for antibiotic therapy and resistance control (Aslani et al., 2011) .
The objectives of the present study were: (i) to investigate the presence and the frequency of four DEC types among children younger than 5 years with and without diarrhoea and (ii) to determine the antimicrobial resistance profiles of these isolates in Tabriz, Iran.
METHODS
Clinical samples and bacterial isolation. Between March 2011 and January 2012, 600 stool specimens from children younger than 5 years of age were investigated for the presence of DEC. This included 450 children with and 150 without diarrhoea attending three different hospitals in Tabriz, Iran. Patients were enrolled in the study if they had diarrhoea and had not taken any antimicrobial agent in the week preceding sampling. Diarrhoea was characterized by the occurrence of three or more loose, liquid or watery stools or at least one bloody loose stool in a 24 h period. Control subjects were healthy children with no history of diarrhoea for at least 1 month. All children were reviewed for their demographics including age and sex. Among them, 133 children were younger than 12 months, 180 were 13-24 months and 287 were 25-60 months. Stool samples collected in Cary-Blair transport medium were cultured on MacConkey agar (Merck) for the selection of E. coli isolates. All isolates were tested by conventional biochemical tests. Verified isolates of E. coli were preserved at -70 uC in trypticase soy broth (Merck) containing 20 % (v/v) glycerol for further analysis.
Reference strains. The following DEC reference strains were used as positive and negative controls: ETEC ATCC 35401 (eltB, estA), EHEC ATCC 43890 (vt1, eaeA), EHEC ATCC 43889 (vt2, eaeA), EPEC ATCC 43887 (eaeA, bfpA), EAEC 97R (pCVD) and E. coli K-12 DH5a (no virulence gene).
Antimicrobial susceptibility testing. The sensitivity of DEC isolates to the following antibiotics was examined using a disk diffusion method: amoxicillin (25 mg), aztreonam (30 mg), amikacin (30 mg), cefotaxime (30 mg), cefoxitin (30 mg), ceftazidime (30 mg), ciprofloxacin (30 mg), co-amoxiclav (30 mg), co-trimoxazole (25 mg), erythromycin (25 mg), gentamicin (10 mg), imipenem (10 mg) and tetracycline (30 mg) (MAST). E. coli ATCC 25922 was used as a control strain.
Detection of DEC by PCR. Four DEC pathotypes (EHEC, ETEC, EPEC and EAEC) were detected by PCR in patients whose stools grew E. coli. PCR assays were performed using the protocol described by Nguyen et al. (2005) for detection of the following virulence markers: eaeA (structural gene for intimin of EHEC and EPEC), bfpA (structural gene for the bundle-forming pilus of EPEC), vt1 and/or vt2 (Shiga toxins 1 and 2 of EHEC), eltB and/or estA (enterotoxins of ETEC), pCVD (nucleotide sequence of the EcoRI-PstI DNA fragment of pCVD432 of EAEC) and astA (enteroaggregative heat-stable toxin of EAEC).The minimum criteria for determination of DEC were defined as follows: the presence of eltB and/or estA for ETEC, the presence of vt1 and/or vt2 for EHEC (the additional presence of eaeA confirmed the detection of a typical EHEC isolate), the presence of bfpA and eaeA for typical EPEC (but the presence of only eaeA for atypical EPEC) and the presence of pCVD for EAEC.
Template DNA was extracted from whole organisms by boiling. Bacteria were harvested from an overnight broth culture, suspended in 200 ml sterile deionized water and boiled at 100 uC for 15 min and then centrifuged at 15 000 g for 3 min to pellet the cell debris. A 5 ml aliquot of supernatant was used for PCR. The oligonucleotide primers used in this study are listed in Table 1 . PCR mixtures with a final volume of 25 ml consisted of 5 ml template DNA, 0.2 mM each dNTP; 10 pmol each primer; 10 mM Tris/HCl (pH 9.0), 1.5 mM MgCl 2 , 50 mM KCl and 1.5 U Taq DNA polymerase. PCR was performed using the Gene Atlas 322 system (ASTEC). The reaction was started with a 4 min denaturation step at 94 uC. In PCRs for the eltB, estA, vt1, vt2 and bfpA genes, the temperature cycles consisted of 50 s at 94 uC, followed by 30 s at 52 uC and 60 s at 72 uC. In PCRs for the 
RESULTS

Detection and characterization of DEC from clinical stool samples
A total of 450 children with diarrhoea and 150 control children without diarrhoea were studied. Among the total children, 133 (22.1 %) children were younger than 12 months, 180 (30 %) were 13-24 months and 287 (47.9 %) were 25-60 months. The sex distribution was 364 (60.7 %) male and 236 (39.3 %) female.
Overall, 230 (38.3 %) E. coli isolates were identified in the 600 stool samples: 140 isolates from diarrhoeal patients and 90 isolates from control group. DEC was isolated from 30.4 % of the children with diarrhoea (137 patients) compared with 12 % of children without diarrhoea (18 patients) (Fig. 1) . The frequency of each DEC pathotype in the diarrhoeal and the control groups is shown in Table 2 . The prevalence of DEC in both groups was significantly different (P50.001). The most prevalent pathotype in the diarrhoeal patients was ETEC (14.4 %) isolates, followed by EAEC (8 %), EPEC (4.2 %) and EHEC (3.8 %). The frequency of ETEC, EAEC and EPEC in the healthy controls was eight (5.3 %), seven (4.6 %) and three (2 %) isolates, respectively. No EHEC isolates were detected from any of the healthy children tested. The ETEC and EHEC pathotypes were detected significantly more frequently in children with than in children without diarrhoea (P,0.05). EAEC and EPEC isolates were identified with slightly higher frequencies in diarrhoeal patients than in the control group (P.0.05). Forty-five children (10 %) from the diarrhoea group were colonized with more than one DEC pathotype. The most frequent combinations were: ETEC+EAEC (2.7 %), ETEC+EHEC (2.2 %), EAEC+ EPEC (2 %), ETEC+EPEC (1.8 %) and EAEC+EHEC (1.3 %).
The ETEC pathotype was detected in all age groups, but a slightly higher prevalence was seen in children less than 12 months of age. EPEC, EHEC and EAEC isolates were detected in all age groups, and no statistically significant differences were seen in any of the groups. Of the 65 ETEC strains isolated in the diarrhoea group, 42 (9.3 %) produced heat-labile toxin only, nine (2 %) produced heatlabile toxin and heat-stable toxin, and 14 (3.1 %) produced heat-stable toxin only. ETEC was detected in eight (5.3 %) of the healthy group. However, these strains were positive only for heat-labile toxin (5.3 %). Of the 36 EAEC isolates harbouring the pCVD432 gene, 12 (2.7 %) also had the astA gene.
Among the 17 EHEC strains isolated, seven (1.6 %) were positive for vt1 only, six (1.3 %) were positive for vt2 only, one (0.2 %) was positive for vt1/eaeA and three (0.7 %) were positive for vt2/eaeA.
Of the 19 EPEC strains isolated from the diarrhoeal patients, six (1.3 %) strains were typical and 13 (2.9 %) atypical EPEC. All EPEC strains isolated in the healthy group were atypical.
Antimicrobial susceptibility testing.
The results of antimicrobial susceptibility testing of 140 E. coli strains isolated from diarrhoeal patients to 13 antibiotics are shown in Table 3 . The most prevalent resistance profile was erythromycin (100 %), followed by aztreonam (113 isolates, 80.7 %) and amoxicillin (104 isolates, 74.4 %). Imipenem was found to be an effective antibiotic with a susceptible rate of 72.9 % (102 isolates).
Of the 140 strains tested, 121 (86.4 %) were multidrug resistant (resistance to more than three antimicrobial drug families).
DISCUSSION
In this study, four distinct pathotypes and subpathotypes of DEC were detected in children with and without diarrhoea in Tabriz, Iran. DEC strains were recovered more often from children with diarrhoea than from healthy controls (P,0.001). Among children less than 5 years of age, ETEC is strongly associated with disease and in many studies is the most common cause of acute diarrhoea among children in developing and developed countries (Okeke, 2009) . Similar to studies conducted in Brazil and other countries, ETEC was the most commonly isolated pathotype in children with diarrhoea (Vilchez et al., 2009; Regua-Mangia et al., 2004) . However, the prevalence of ETEC (14.4 % in the diarrhoea group and 5.3 % in the control) was lower in our study than in some previous studies. According to the results of Mayatepek et al. (1993) , Nweze (2009) and Vilchez et al. (2009) , the prevalence of ETEC was 28, 21.57 and 20.50 %, respectively.
EAEC is an emerging enteric pathogen associated with acute and persistent diarrhoea (¢14 days) and may cause malnutrition and growth defects in children. It has been identified in travellers' diarrhoea in both developing and developed countries, and has been isolated in immunocompromised patients (Nguyen et al., 2005; Nataro, 2005 ). An increasing number of studies support the association of EAEC with diarrhoea in populations in developing countries (Nguyen et al., 2005; Nataro et al., 2006) . Our findings, however, were in contrast to these studies. According to our results, the EAEC pathotype was isolated in children both with and without diarrhoea and there was no significant association between EAEC and diarrhoea. The prevalence of this pathotype in diarrhoeal and healthy children was 8 and 4.6 %, respectively. This lack of association with diarrhoea has been observed in another study. It has also been shown that EAEC is a heterogeneous group of E. coli and that not all strains are capable of causing diarrhoea (Vilchez et al., 2009) .
EHEC is food-borne pathogen that has the potential to cause haemorrhagic colitis and haemolytic-uraemic syndrome, and is important to detect because antibiotics are not beneficial and may increase the risk of complications (De Baets et al., 2004) . Outbreaks and sporadic cases of EHEC have been reported in developed countries such as North America, Japan, Europe and even Australia (Nweze, 2009) . Some studies have suggested that there is an interesting phenomenon in developing countries, in which EHEC is isolated much less frequently than other DEC strains such as ETEC or EPEC (Nguyen et al., 2005; Nataro & Kaper, 1998) . In the present study, EHEC strains were detected significantly more (with an incidence of 3.8 %) in children with diarrhoea, and we did not isolate any EHEC strains from healthy controls. No blood was reported in the faeces of the children with the EHEC pathotype. The low frequencies of EHEC strains in the studied population are, in general, in agreement with other studies performed in different parts of the world. According to Vilchez et al. (2009 ), Nweze (2009 and Pabst et al. (2003) , the prevalence of EHEC was 2.1, 1.3 and 1.6 %, respectively.
EPEC is also a very important pathogen in children with diarrhoea. Numerous case-control studies in many countries have found that EPEC are isolated more frequently from children with diarrhoea than from healthy controls (Nguyen et al., 2005) . In a study carried out in a northern city of Nicaragua, EPEC were found to be significantly more frequent in diarrhoeal (16 %) than in healthy (4 %) children. However, our findings were in contrast to those of Mayatepek et al. (1993) . Like the results of Nguyen et al. (2005) and Pabst et al. (2003) , the isolation rate of EPEC strains from children with diarrhoea was slightly higher than that from the controls (P.0.05) ( Table 2) . Six (1.3 %) isolates of EPEC detected from the diarrhoeal patients were typical EPEC (i.e. eaeA + and bfpA + ). In contrast, all the EPEC strains isolated in the healthy group were atypical EPEC (i.e. eaeA + and bfpA -). As EPEC strains in the present study were found at similar frequencies in diarrhoeal and healthy children, the pathogenic role of this pathotype has to be questioned.
Many previous studies have shown the existence of mixed infections in stool samples from children with diarrhoea (Nguyen et al., 2005) . Our results confirm the possibility of co-infection with two DEC pathotypes in a stool sample, as mentioned in other studies (Vilchez et al., 2009; Nguyen et al., 2005) .
The antimicrobial susceptibility testing results for the DEC strains are shown in Table 3 . In our study, the frequency of antimicrobial resistance to various antibiotics was high in DEC strains. The high incidence of antibiotic-resistant isolates of DEC may be due to the widespread use of antibiotics. The transfer of resistance genes that may occur between species could lead to the construction of diverse resistance to usual antibiotics (Aslani et al., 2011) .
